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ABSTRACT: 

An information recording medium comprising a substrate and superimposed thereon a recording 
layer composed of Sb, Te and Ge has been found to be advantageously employed, because of 
its high thermal stability as well as high sensitivity and high S/N ratio, in a system of recording 
information by exposing an energy beam to a recording medium to cause the exposed areas to 
be different in optical extinction coefficient from the non-exposed areas. 
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@ An Information recording medium. 

© An information recording medium comprising a sub- 
strate and superimposed thereon a recording layer com- 
posed of Sb. Te and Ge has been found to be advantageously 
employed, because of its high thermal stability as well as 
high sensitivity and high S/N ratio, in a system of recording 
information by exposing en energy beam to a recording 
medium to cause the exposed areas to be different in optical 
extinction coefficient from the non-exposed areas. 
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The present invention relates to an information 
recording medium. More particularly, the present 
invention is concerned with an information recording 
medium for use in an information recording system in 
which information is recorded by exposing a recording 
medium to an energy beam such as laser beam to cause 
the exposed areas to be different in optical extinc- 
tion coefficient from the non-exposed areas, and the 
recorded information is read out by utilizing the 

q difference in optical extinction coefficient between 

the exposed areas and the non-exposed areas. 

The information recording medium of the present 
invention is excellent in thermal stability as well as 
in sensitivity and S/N ratio (signal-to-noise ratio). 

5 As to an information recording system, well known 

is a heat mode system in which information is recorded 
in the form of pits in a recording medium by selective 
ablation of the recording medium irradiated spotwise 
with a focused laser beam or the like having high 

0 intensity or large energy. In this system, the readout 

of the recorded information is effected by utilizing 
the reflectivity difference between the ablated areas 
and the non-ablated areas of the recording medium. 
The recording medium used in the heat mode system 

5 generally comprises a substrate and formed thereon a 
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recording layer made of a low-melting metal such as 
Te, Bi, alloys containing Te or Bi, Te compounds or Bi 
compounds (see U.S. Patent Nos. 4,433,340, 4,238,803 
and 4 r 241,355; J. Appl. Phys- 50(11) November 1979, 
P6881 ; and Appl. Phys. Lett. 34, 1 979, P275). 

The above-mentioned heat mode system is 
disadvantageous in that irregularities or disorders 
are caused in shape or profile of pits or holes formed 
in the recording layer of the recording medium, lead- 
ing to poor S/N ratio. The reason for this is as 
follows. In the heat node system, not only tenperature eleva- 
tion but also melting and dispersion or evaporation of the 
metal constituting the recording layer take place in 
forming pits in the recording layer of a recording 
medium. The viscosity of the metal of the recording 
layer when molten, and surface tension of the metal 
when molten and dispersed greatly affect the shape 
of pits formed upon irradiation with a laser beam. 
However, difficulties are encountered to control the 
viscosity and surface tension of the metal, causing 
the shape of pits to be controlled with great diffi- 
culties. Further, in the heat mode system, small 
pieces of metal often remains undispersed within the 
formed pits, causing noise and error rate to be 
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increased. 

On the other hand, there is known another 
information recording system in which information is 
recorded by exposing a recording layer formed on a 
substrate to an energy beam such as laser beam to 
cause the exposed areas to be different in optical 
constant from the non-exposed areas, and the recorded 
information is read out by utilizing the difference in 
optical constant between the exposed areas and the 
non-exposed areas. Hereinafter, this system is often 
referred to as "optical constant change system", and 
the areas of the recording medium of which the optical 
constant has been changed by exposure to an energy 
beam is often referred to as "bits". 

In the optical constant change system, 
information is recorded without any ablation of the 
recording layer, i.e. without formation of pits in the 
recording layer. Therefore, the optical constant 
change system is free from the problems accompanying 
the above-mentioned heat mode system, such as irregu- 
larities or disorders in shape or profile of the pits 
formed in the recording layer of the recording medium 
and poor S/N ratio and high error rate attributable 
to the presence of metal pieces remaining undispersed 
in the formed pits. For the optical constant change 
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media, e.g. a recording medium comprising a substrate 
and formed thereon a recording layer composed of fine 
particles of Te dispersed in TeC^, a recording medium 
comprising a substrate and formed thereon a recording 

5 layer having a two-layer structure of Sb2Se3~Bi2Te3, 

and the like (see U.S. Patent No. 3,971 ,874; J. Appl. 
Phys. 54(9) September 1983, P5376; and Appl. Phys. 
Lett. 18, 1971,* P256). However, the above-mentioned 
conventional recording media for use in the optical 

10 constant change system are poor in thermal stability, 

and, hence, cannot be advantageously used for practi- 
cal purposes. 

As described in J. Appl. Phys. 54(3), March 1 983, 
PI 256-1 260, Sb 2 Te 3 exhibits a great degree of change 

15 in transmittance when heated. Therefore, a recording 

medium comprising Sb 2 Te 3 for use in the optical 
constant change system is expected to have a high S/N 
ratio. In fact, such recording medium is excellent in 
S/N ratio as well as in sensitivity. However, the 

20 recording medium comprising Sb 2 Te3 has also been 

regarded as unsuitable for practical uses, because the 
transmission of the recording medium changes 
unfavorably at a low temperature, leading to an ex- 
tremely poor thermal stability. 
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As is apparent from the foregoing, the optical 
constant change system is advantageous in eliminating the draw- 
backs of the heat mode system but has a serious drawback that 
the conventionally proposed recording media for use 
5 therein are poor in thermal stability. Accordingly, 

under such circumstances, there is a strong demand in 
the art to develop a thermally stable information 
recording medium for use in the optical constant 
cnange system Wiuiuuu sa^i.xjLx^JLw^ » ^ »* ^^»*^^. » 
10 and a high S/N ratio. 

The present inventors have made extensive and 
intensive studies to improve the thermal stability of 
recording medium for use in the optical constant 
change system comprising Sb and Te which is excellent 
15 in sensitivity and S/N ratio. As a result, the 

present inventors have surprisingly found that a 
recording medium containing Ge in addition to Sb and 
Te is extremely excellent in thermal stability while 
maintaining a high sensitivity and a high S/N ratio. 
20 The present invention has been made based upon such a 

novel finding. 

It is, therefore, an object of the present inven- 
tion to provide an information recording medium 
(hereinafter often referred to simply as "recording 
25 medium") for use in the optical constant change system 
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which is excellent in thermal stability as well as in 
sensitivity and S/n ratio. 

The foregoing and other objects, features and 
advantages of the present invention will be apparent 
^ to those skilled in the art from the following de- 

tailed description and appended claimes taken in con- 
nection with the accompanying drawings in which: 

Fig.1 is a graph showing the relationship between 
the transmittance ratio [(the ratio of transmittance 
L0 after heating (T) to that before heating (To)] and the 

Sb content of the recording medium obtained in Refer- 
ence Example as will be given later; 

Fig. 2 is a graph showing the relationship 
between the transmittance ratio [the ratio of trans- 
15 mittance after heating (T) to that before heating 

(To)] and the heating temperature of the recording 
medium obtained in Example 1 as will be given later, 
shown in comparison with those of the recording media 
obtained in Comparative Example 1 as will be given 
20 later? 

Fig. 3 is a graph showing the relationship be- 
tween the transmittance retio [the ratio of transmit- 
tance after heating (T) to that before heating (To)] 
and the heating temperature of the recording media 
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obtained in Example 2 as will be given later, shown in 
comparison with that of the recording medium obtained 
in Comparative Example 2 as will be given later; 

Fig. 4 is a graph showing the relationship be- 
tween the transmittance ratio [the ratio of transmit- 
tance after allowing to stand at 80 *C for seven days 
(T 7 ) to that before allowing to stand (To)] and the Ge 
content of the recording media obtained in Example 2 
as will be given later, shown in comparison with that of 
the recording medium obtained in Comparative Example 2 
as will be given later; 

Fig. 5 is a graph showing the relationship be- 
tween the transmittance ratio (the ratio of transmit- 
tance after heating (T) to that before heating (To)] 
15 and the value of X in the formula (Sb x Te., _ x )y g &1 -Y 

wherein Y=0.5 and 0.8, which formula defines the 
compositions of the recording layers of the 
recording media obtained in Example 3 as will be given 
later; 

Fig. 6 is a graph showing the relationship 
between the reflectivity and the thickness of 
recording layer of the recording media obtained in 
Example 4 as will be mentioned later; 

Fig. 7 is a graph showing the relationship 
25 between the reflectivity and the thickness of 



20 
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recording layer of the recording media obtained in 
Example 5 as will be given later; 

Fig. 8 is a graph showing the relationship 
between the reflectivity and the thickness of 
reflective layer of the recording media obtained in 
Example 5 as will be given later; 

Fig. 9 is a graph showing the relationship 
between the reflectivity and the thickness of record- 
ing layer of the recording media obtained in Example 6 
0 as will be given later; 

Fig. 10 is a graph showing the relationship 
between the reflectivity and the thickness of 
reflective layer of the recording media obtained in 
Example 6 as will be given later; 
^5 Fig. 11 is a cross-sectional view of one form of 

a recording medium according to the present inven- 
tion; 

Fig. 12 is a cross-sectional view of another form 
of a recording medium according to the present 
20 invention; 

Fig. 1 3 is a cross-sectional view of still an- 
other form of a recording medium according to the 
present invention; and 

Fig. 14 is a cross-sectional view of a further 
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form of a recording medium according to the present 
invention; 

In Figs. 11 to 14, like portions are designated 
by like numerals. 

According to the present invention, there is 
provided an information recording medium for use in a 
system of recording information by exposing to an 
energy beam a medium comprising a substance capable of 
changing in optical extinction coefficient upon being 
heated, causing the exposed areas to be different in 
optical extinction coefficient from the non-exposed 
ares, which comprises a substrate and superimposed 
thereon a recording layer composed of Sb, Te and Ge. 

The information recording medium of the present 
invention is for use in a system for recording infor- 
mation by exposing to an energy beam a medium compri- 
sing a substance capable of changing in optical ex- 
tinction coefficient (hereinafter often referred to 
simply as "extinction coefficient") upon being heated, 
causing the exposed areas to be different in optical 
extinction coefficient from the non -exposed areas. 

The information recording in the recording medium 
is preferably effected by heating the recording medium 
using an energy beam such as laser beam, electron beam 
or the like. The above-mentioned energy beam is 
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forcusable on a small spot and has a high degree of 
heating effect, enabling the information to be densely 
recorded in the recording medium with high sensitivi- 
ty. 

The readout of the recorded information may be 
carried out by applying to the recording medium a 
laser beam whose intensity is lower than the intensity 
required to record the information in the recording 
medium, and detecting the difference in reflectivity 
between the formed bit portions and the other portions 
of the recording medium. Alternatively, the readout 
of the recorded information may be carried out by 
utilizing the difference in transmittance between the 
formed bit portions and the other portions of the 
recording medium. 

Referring now to Fig. 11, there is shown a cross- 
sectional view of one form of a recording medium of the 
present invention which comprises a substrate 1 and 
superimposed thereon a recording layer 2, 

Fig. 12 shows a cross-sectional view of another 
form of a recording medium of the present invention 
which comprises a substrate 1 and, superimposed on the 
substrate in the following order, a recording layer 2 
and a reflective layer 3. 
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Fig- 13 shows a cross-sectional view of still 
another form of a recording medium of the present 
invention which comprises a substrate and, super- 
imposed on the substrate in the following order, a 
layer 4 of a metallic compound (hereinafter referred 
to as "metallic compound layer"), a recording layer 2 
and another metallic recording layer 4. 

Fig. 14 shows a cross-sectional view of a further 

t~ _ 3 ^ 4- U *~w A ntrort t~ A r\V\ 

1_ (j j. Ill \jx. CI X. i. uxn^ mcuxuai wjl «_» n_ t*x ^ ^ ' ^— - — - 

which comprises a substrate 1 and, superimposed 
thereon in the following order, a metallic compound 
layer 4, a recording layer 2, a reflective layer 3 and 
another metallic compound layer 4. 

As examples of the substrate used as a support 
for the recording medium, there may be mentioned a 
glass plate, a plate comprising glass and superimposed 
thereon a photocurable polymer layer, a film and plate 
of plastic materials such as polycarbonate, acrylic 
resin, epoxy resin and polystyrene, and a plate of an 
Al alloy. 

Of the above-mentioned substrates, a plate compri- 
sing glass and superimposed thereon a photocurable 
polymer, and a transparent plastic plate of a polycarbo- 
nate, acrylic resin or epoxy resin are preferred, 
because an energy beam for information recording and 
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readout of the recorded information can be irradiated 
through the substrate. 

For practical uses, guide grooves or pits 
(prepits) corresponding to address signals are generally 
provided on the substrate. The guide grooves and pits 
may be prepared by an ordinary method such as photo- 
polymer method (2P method) or injection molding. 

In the recording medium of the present invention, 
as illustrated in Fig. 11, a recording layer 2 is 
provided on the substrate 1. The recording layer is 
composed of Sb, Te and Ge. 

In the present invention, it is preferred that 
Sb, Te and Ge be present in the recording layer in a 
composition in terms of number of atoms represented by 
the formula: 

( sb x Te i-x>Y Ge i -y 

wherein 0.05= X ~ 0.7, more preferably 
0.1 ^ X = 0.6 and 0.4 = Y = 0.8, more 
preferably 0.5 = Y = 0.7. 

When Sb, Te and Ge are present in the recording 
layer in the above-mentioned composition, the record- 
ing medium having such a recording layer is excellent 
in all the characteristics in respect of thermal 
stability, sensitivity and S/N ratio. 
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When in the above-mentioned formula the value of 
X is less than 0.05, the degree of change in extinc- 
tion coefficient of the recording layer caused by 
heating becomes small, causing the S/N ratio of the 
recording medium to be lowered and, further, the 
thermal and humid stabilities are lowered. On the 
other hand, when the value of X is more than 0.7, the 
S/N ratio of the recording medium is lowered. 

In the present invention, in the case of 0.1 1 X 
< 0.35, there can be attained an extremely high 
sensitivity. 

When in the above-mentioned formula the value of 
Y is less than 0.4 , the S/N ratio of the recording 
medium is lowered. On the other hand, when the value 
of Y is more than 0.8, the change in extinction 
coefficient of the recording layer tends to be caused 
at low temperature, causing the thermal stability of 
the recording medium to be lowered. 

In the present invention, it is particularly 
preferred that in the above-mentioned formula the 
values of X and Y be 0.15 L X ^ 0.4 and 0.5 = Y = 
0.7, respectively. The recording medium having a 
recording layer in which Sb, Te and Ge are present in 
such a composition is extremely excellent in thermal 
stability as well as in sensitivity and S/N ratio, 
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and, hence, is particularly preferable from a 
practical point of view, since the recorded 
information can be read out without lowering in s/N 
ratio and increase in bit error rate even in the case 
of a long-time readout of the recorded information in 
which a large amount of heat tends to be generated 
and accumulated in the recording medium. 

The recording layer composed of Sb, Te and Ge of 
the recording medium according to the present 
invention may further contain other metals at need. 
The incorporation of a low -melting metal such as Zn, 
In, Cd, Sn, Se, Tl, Pb, Bi or the like is preferable 
for improvement of sensitivity, and the incorporation 
of Se for improvement of humid stability. On the 
other hand, the incorporation of an element, such as 
Au, Ag, Cu or the like, which is highly bonded metal- 
licaly is effective for accelerating the rate of 
change in optical characteristics of the recording 
medium. 

The recording layer composed of Sb, Te and Ge may 
be formed on a substrate by ordinary deposition 
methods such as vacuum deposition and sputtering. In 
the case of vacuum deposition, it is noted that, when 
an alloy composed of Sb, Te and Ge is employed as a 



» • 
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deposition source for effecting deposition, the 
resulting film often has a composition considerably 
different from that of the alloy used as the source. 
Hence, it is preferable that the deposition be 
5 effected using three separate deposition sources 

respectively for Sb, Te and Ge. When an alloy 
composed of Sb, Te and Ge is employed as a deposition 
source, the flash deposition method is rather 

nrpfprablp than the vacuum deposition method because 

fc ------- - - — 

10 of a smaller difference between the composition of the 

alloy and that of the resulting film. Further, the 
recording layer may be formed simply by effecting 
deposition using two deposition sources respectively 
for Sb2Te3 and Ge. 
•15 When the recording layer film is formed by vacuum 

deposition, the deposition is preferably effected at a 
deposition rate of 0.1 to 50 A/second under a vacuum 
degree of 1 0" 5 to 10~ 6 Torr. In this case, it is 
preferred that the temperature of the substrate 

20 be kept at 40 °C or less. 

In the case of formation of the recording layer 
by the sputtering method an alloy having a predeter- 
mined composition may be used as a deposition source, 
because there can be formed a film having substantial- 

25 ly the same composition as the alloy. Alternatively, 
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the recording layer may be formed in such a manner 
that on a metallic element or alloy is placed pieces 
of another metallic element or alloy, followed by 
sputtering. In this method, the number of pieces and 
5 the position of the metallic element or alloy may be 

varied according to the composition of the film to be 
formed. In the case of the sputtering method, the 
substrate is apt to be heated during the sputtering opera- 
tion, and, hence, it is preferable to sufficiently 
"LQ cool the substrate for formation of a film having a 

uniform recording characteristic. 

When the recording medium of the present 
invention consists of a substrate and superimposed 
thereon a recording layer composed of Sb, Te and Ge, 
15 the thickness of the recording layer is preferably 700 

A or more, more preferably 800 A to 2000 A for 
attaining a sufficient contrast. When the recording 
layer is too thick, the change in physical and 
chemical properties which causes a change in optical 
20 extinction coefficient of the recording layer does 

hardly occur uniformely in the direction 
of thickness. In such a case, a high s/N ratio 
cannot be attained. 

As illustrated in Fig. 12, according to the 
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present invention, a reflective layer 3 may be 
provided on the recording layer 2. The reflective 
layer may be provided on one of the upper and lower 
sides of the recording layer. The recording layer and 
the reflective layer constitute an information sup- 
porting layer. The reflective layer is made of a 
metal or an alloy composed of at least two metals. 
In this embodiment there can be attained a high 
contrast of reflectivity due to light interference 
effect even when the thickness of the recording layer 
is small, leading to a high S/N ratio. When the 
reflective layer is provided on the recording layer, 
the thickness of the recording layer is generally 
determined taking into consideration the material and 
thickness of the reflective layer, but is preferably 
in the range of 200 A to 1000 A. When an energy beam 
for information recording and readout of the recorded 
information is irradiated from the side of the sub- 
strate, the reflective layer is provided on the side 
of the recording layer remote from the substrate. On 
the other hand, when an energy beam for information 
recording and readout of the recorded information is 
irradiated from the side remote from the substrate, 
the reflective layer is provided between the recording 
layer and the substrate. 
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The recording medium of the present invention may 
generally be used in a single form. However, the 
recording medium of the present invention may alter- 
natively be in a composite form, e.g. an air-sandwiched 
5 structure or entirely bonded structure as will be 

mentioned later so that the surface of the recording 
layer can be protected against danger and/or stain 
which is caused, for example, by direct contact of the 
recording layer with air or hands. Such a structure is 

10 constructed so that the side of the recording layer is 

on the inside of the structure. In such a case, the 
beam irradiation for information recording and readout 
of the recorded information is effected from the side 
of the substrate. 

15 The reflective layer is preferably a layer made of 

a substance having a high extinction coefficient to an 
energy beam for readout of the recorded information. 
Specifically, it is preferred that the reflective layer 
be a layer of a metal selected from the group consist- 

20 ing of Al, Ti, Cr, Co, Ni, Se, Ge, Zr, Ag, In, Sn, Sb, 

Te, Pt, Au, Pb and Bi, or a layer of an alloy contain- 
ing at least one metal selected from the group consist- 
ing of Al, Ti, Cr, Co, Ni, Se, Ge, Zr, Ag, In, Sn, Sb, 
Te, Pt, Au, Pb and Bi. It is particularly preferred 
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that the reflective layer be a layer of a metal 
selected from the group consisting of Sb, Te and Bi, or 
the reflective layer be an layer of an alloy containing 
at least one metal selected from the group consisting 
of Sb, Te and Bi. When the reflective layer is made of 
Sb, Te or Bi, or their alloys the maximum contrast can 
be attained with a thin recording layer and with a thin 
reflective layer due to their high extinction coef- 
ficients for visible ray and for infrared ray, and, at 
the same time, the lowering in sensitivity due to the 
provision of the reflective layer can be avoided since 
the transfer of the heat to the reflective layer can be 
reduced because of the low thermal conductivities of 
these metals and alloys* In other words, Sb, Te and 
Bi and their alloys are preferable as the material of 
the reflective layer in terms of S/N ratio and sensiti- 
vity. 

The reflective layer may be a single layer 
structure or multiple layer structure of at least two 
metals or alloys as mentioned above. 

The thickness of the reflective layer is 
preferably 100 A or more, more preferably in the range 
of 100 A to 1000 A from a viewpoint of sensitivity. 

In the present invention, a metallic compound 
layer may be provided on the recording layer or the 
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information supporting layer remote from the 
substrate, or between the recording layer or the 
information supporting layer and the substrate. 
Alternatively, as illustrated in Figs. 13 and 14, a 
metallic compound layer 4, 4 may be provided on both 
the upper and lower sides of the recording layer 2 or 
information supporting layer comprising the recording 
layer 2 and the reflective layer 3. 

It is preferred that the metallic compound layer 
be made of at least one metallic compound selected from 
the group consisting of oxides or nitrides of a metal 
selected from the group consisting of Al, Cr, Si, Zr, 
Ti, Ge, Se, Te, V, Hf , I*a, Sm, Y, Ta and Mo. Of them, 
oxides or nitrides of Si are more preferred. The 
provision of the layer made of such a metallic compound 
on at least one of the upper and lower sides of the 
recording layer or information supporting layer serves 
to prevent water and oxygen from air or the substrate 
from invading the recording layer, thus suppressing the 
deterioration of the recording med ium. Therefore , by 
the provision of the above-mentioned metallic recording 
layer, there can be attained an improvement in storage 
stability and archivability of the recording medium. 
Therefore, the recording medium having a metallic 
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compound layer can be advantageously employed as a 
medium for recording coded digital information such as 
computer memories in which even a partial change in 
properties of the recording layer brings about a 
drastic increase in bit error rate. The metallic 
compound layer may be a single layer structure of a 
metallic compound or a multiple layer structure of 
layers of different metallic compounds. When a metal- 
lic compound layer is provided both on the upper an^ 
lower sides of the recording layer or information sup- 
porting layer, the kinds of the metallic compounds on 
the both sides may be the same or different from each 
other. A preferred thickness of the metallic compound 
layer is in the range of 1 00 A to 5000 A from a view- 
point of sensitivity. 

The reflective layer and the metallic compound 
layer may be formed by the vacuum deposition method or 
sputtering method as in the formation of the recording 
layer - 

In the present invention, it is preferred that the 
produced recording medium have been subjected to heat 
treatment under humid condition- The heat treatment 
under humid condition is effective for rendering the 
recording media uniform in recording characterics such 
as sensitivity and readout characteristics such as s/N 
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ratio and bit error rate. Therefore, the heat treat- 
ment under humid condition of the recording mediums is 
particularly preferable in the case of the production 
of the recording media on a large scale. The reason 
why the heating treatment under humid condition 
contributes to an improved uniformity in the charac- 
teristics of the recording media is not yet fully 
elucidated but is believed to reside in that the treat- 
ment causes the recording layer to have a metastable 
state. As mentioned above, in preparing a recording 
medium of the present invention, the thin film of the 
recording layer is formed on a substrate by deposition. 
In the deposition, the material to be deposited is 
subjected to gasification under vacuum and then solidi- 
fication on the substrate at a remarkably rapid cooling 
rate, unfavorably causing the resulting film to be 
somewhat distored and the atoms to be mutually bonded 
in an instable state. It is believed that the heating 
treatment under humid condition serves to eliminate 
such unfavorable factors and to convert the recording 
layer into a metastable state. 

The heating treatment is generally effected at 40 
*C to less than a temperature above which the deforma- 
tion of the substrate and cohesion of the recording 
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film occur, preferably at a temperature in the range 
of 40 # C to 1 50 *C, more preferably at a temperature 
in the range of 40 *C to 100 # C. Prolonged treatment 
at a low temperature over a period of 1 0 hours or 
5 longer is preferred rather than heat treatment at a 

high temperature for a short period of time. With 
respect to humidity, a relative humidity in the range 
of 50 % to 98 % is preferred. It is believed that by 

0 recording layer undergoes a kind of plasticization by 

the absorption of water so that the atoms in the film 
can move easily, causing the recording layer to be 
converted into a metastable state. 

As described before, the recording medium of the 

5 present invention may be used in a single form or a 

composite form. In the case of a composite form, the 
recording medium is used as follows. Two recording 
media having the same structure are put, one on the 
other, so that the side of the recording layer remote 

0 from the substrate of one recording medium faces the 

side of the recording layer remote from the substrate 
of the other recording medium through the medium of a 
spacer, arranged along the periphery of each of the 
recording media, and partially bonded by means of an 

5 adhesive such as epoxy type adhesive applied to both 
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the sides of the spacer thereby to form the so-called 
air-sandwiched structure. Alternatively, the two 
recording media may be entirely bonded to each other 
by means of an adhesive such as hot melt adhesive with 
5 the side of the recording layer remote from the 

substrate of one recording layer facing the side of 
the recording layer remote from the substrate of the 
other recording medium without using a spacer to form 
an entirely bonded structure- Further, the recording 

10 medium of the present invention may also be a rolled 

sheet structure formed by making a recording medium 
in the form of a film and then rolling it. 

As mentioned hereinabove, the recording medium of 
the present invention is excellent in thermal 

15 stability as well as in sensitivity and s/N 

ratio. 

The following Examples illustrate the present 
invention in more detail but should not be construed 
as limiting the scope of the invention. 



- 25 - 



01 95532 



Reference Example 

On slide glasses having a thickness of 1.2 nun 
were co-deposited Sb and Te from two heating 
vaporization boats respectively containing Sb and Te 
5 by the resistance heating method to form 300 &-thick 

films having compositions as shown in Table 1. 

Table 1 

10 Film formed on a slide glass 



Sb content Te content 

Sample No. (% in member of ( % in number of 

atoms) atoms) 



1 


0 


100 


2 


15 


85 


3 


25 


75 


4 


35 


65 


5 


45 


55 


6 


55 


45 


7 


65 


35 


8 


75 


25 


9 


90 


1 0 


1 0 


1 00 


0 
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Each of the samples was subjected to measurement 
of transmittance at a wave length of 830 nra before and 
after heat treatment in an oven kept at a temperature 
of 200 *C for about 10 minutes. With respect to each 
sample, the transmittance ratio [the ratio of the 
transmittance of the sample after heat treatment (T) 
to that before heat treatment (To) ] was determined 
based on the above-obtained data. Then, there was 
determined the relationship between the transmittance 
ratio and the Sb content of the film on the slide 
glass. The results are shown in Fig. 1 . 

As seen in Fig. 1 , samples of which the films on 
the slide glasses have an Sb content of 20 to 70 % in 
number of atoms exhibited a remarkable change in 
transmittance by heat treatment. Incidentally, the 
increases in transmittance by heat treatment was 
observed with respect to samples of which the films on 
the substrates have an Sb content of 20 % or less. 
The X-ray diffraction showed that such increase in 
transmittance was attributable to the oxidation of 
Te. 
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Example 1 and Comparative Example 1 

On slide glasses having a thickness of 1.2 mm 
were co-deposited a Sb2Te^ alloy and a metal shown in 
Table 2 from two heating vaporization boats 
respectively containing the alloy and the metal by the 
resistance heating method to form 300 A-thick films having 
the compositions as shown in Table 2. Thus, there were 
obtained Recording Media a, b, c, d and e as 
shown in Table 2. 

Incidentally, the depositions of the films were 
effected under 1 x 10~ 6 to 5 x 10~ 5 Torr. 

Substantially the same procedures as mentioned 
above were repeated to prepare Recording Medium f as 
shown in Table 2, except that only a Sb 2 Te 3 alloy was 
deposited on the slide glass. 

With respect to each sample, the ratio of the 
number of atoms of Sb to that of Te contained in the 
film on the slide glass was substantially 2:3. 
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Film formed on the slide glass 



Recording Metal Alloy Film composition 

medium 



3 


a 


Bi 


Sb 2 Te 3 


(Sb 2 Te 3 ) 0 7 


Bi 0.3 


vent 


b 


In 




(Sb 2 Te 3 ) 07 


In 0.3 




c 


Sn 




(Sb 2 Te 3 ) (K7 


Sn 0.3 


| Presen 


d 


Pb 




(Sb 2 Te 3 ) 0 _ 7 


pb 0.3 


e 


Ge 




(Sb 2 Te 3 ) 0<7 


Ge 0.3 


Com- 
para- 
tive 


f 


None 




Sb 2 Te 3 





Each recording medium as obtained above was 
subjected to heat treatment at temperatures of 50 to 
250 # C for about 10 minutes. Light transmittance of 
each recording medium treated at each temperature was 
measured at a wave length of 8 30 nm. 

With respect to each recording medium, the trans- 
mittance ratio [the ratio of the transmittance of the 
recording medium after treatment at each temperature 
{T} to that before heat treatment (To)] was obtained 
from the above-obtained data, and, then, there was 

determined the relationship between the transmittance 
ratio and the treating temperature. The results are 
shown in Fig. 2. 
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As seen in Fig. 2, the temperature at which the 
change in transmittance of Recording Medium e (i.e. 
recording medium of the present invention of which the 
film on the slide glass comprises Sb, Te and Ge) 
5 begins is about 80 °C higher than that with respect to 

Recording Medium f of which the film on the substrate 
contains sb and Te but does not contain Ge. 
Further, the degree of change in transmittance of 
Recording Medium e at 250 *C is greater than that of . 

10 Recording Medium f at 250 *C. In view of the above, 

among the various recording media listed in Table 2, 
only a Recording Medium e of which the recording layer 
contains Ge in addition to Sb 2 Te3 is expected to have 
an excellent thermal stability and a high S/N ratio. 

15 The other recording media in Table 3 in which the 

other kind of metal is incorporated in addition to 
Sb 2 Te3 exhibited almost no change in transmittance by 
heat treatment (Recording Media c and d) , or disadvan- 
tageously exhibited irregular changes (Recording Media 

20 a and b). This shows that such recording media cannot 

be advantageously used as a recording medium for use 
in the optical constant change system. 
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Example 2 and Comparative Example 2 

Sb, Te and Ge were separately put in heating 
vaporization boats. Then, Sb f Te and Ge were simulta- 
neously deposited on slide glasses having a thickness 
5 of 1.2 mm by the resistance heating method under 1 X 

10" 6 to 5 X 10" 5 Torr to form 300 A-thick films having 
the compositions as shown in Table 3 given below. 
Thus, there were obtained Recording Media A f B, C, D, 
E, F, G and H as shown in Table 3 given below. 
10 For comparison, a recording medium (Recording 

Medium I) was prepared by depositing on the slide 
glass an Sb 2 Te 3 alloy from a heating vaporization boat 
to form a 300 A-thick film. 
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Table 3 



Film formed on the slide glass 



Recording 
Medium 



Sb 

content 
(% In 
number of 
atoms) 



Te 

content 
(% in 
number of 
atoms) 



Ge 

content 
(% in 
number of 
atoms) 



Film 

composition 
(Sb x Te 1 . 4 ) y 



Ge 



1 -Y 





A 


35 


55 


10 


0.39 


0.9 




B 


35 


45 


20 


0.44 


0.6 




C 


30 


40 


30 


0.43 


0.7 
















o 

•H 
4J 

d 


D 


20 


40 


40 


0.33 


0.6 
















> 

-H 


E 


20 


30 


50 


0.40 


0.5 


-P 














c 
d) 
cn 
0) 


F 


10 


30 


60 


0.25 


0.4 


u 
















G 


1 5 


15 


70 


0.50 


0.3 




H 


8 


12 


80 


0.40 


0.2 




I 


40 


60 


0 


0.40 


1 . 0 



Each recording medium as prepared above was 
subjected to heat treatment at temperatures of 50 to 
250 °C for about 10 minutes. Light transmi ttance of 



the recording medium treated at each temperature was 
measured at a wave length of 830 nra. 

With respect to each recording medium, the trans- 
mittance ratio [the ratio of the transmittance of the 
recording medium after heat treatment at each tempera- 
ture (T) to that before heat treatment (To)] was 
obtained from the above-obtained data, and, 

then, there was determined the relationship between 
the transmittance ratio and the treating temperature. 
The results are shown in Fig. 3. 

As seen in Fig. 3, when the Ge content of the 
film formed on the slide glass is 60 % or less in 
number of atoms, the minimum temperature at which the 
change in transmittance of the recording medium occurs 
is shifted to higher temperatures as the Ge content of 
the film is increased, but the degree of change in 
transmittance of the recording medium at 250 °C is 
great regardless of the Ge content of the film on the 
slide glass. 

Optical characteristics of Recording Medium D 
were determined before and after heat treatment. 
As a result, it was found that a refractive index of 
4.4 and an extinction coefficient of 1.6 which are the 
values before heat treatment changed to 4.2 and 



- 33 - 



01 95532 



to 4.0, respectively, after heating treatment at 250 
•C. Namely, by the heat treatment the refractive index 
changed little, while the extinction coefficient 
changed greatly. 

In the same manner as mentioned above, there were 
prepared Recording Media A, B, C, D, E, F, G, H and I 
again for thermal stability tests. Each recording 
medium as prepared above was put in a drying oven kept 
at 80 *C and allowed to stand in the oven for 7 days. 
.0 Thereafter, each recording medium was subjected to 

measurement of transmittance. 

From the above-obtained data was obtained the 
transmittance ratio [the ratio of transmittance of the 
recording medium after treatment (T7) to that before 
L5 treatment (To)]. Then, there was determined the 

relationship between the transmittance ratio and the 
Ge content of the film formed on the slide glass. The 
results are shown in Fig. 4 . 

As seen in Fig. 4, recording media of which the 
20 films on the slide glasses contain Ge in an amount of 

20 % or more in number of atoms exhibited little 
change in transmittance by heat treatment at 80 °C for 7 
days, and, hence, have an excellent thermal stability. 
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Example 3 

Substantially in the same manner as in Example 2, 
300 A-thick films having compositions as shown in 
Table 4 were prepared on slide glasses having a thick- 
ness of 1.2 mm. 
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Table 4 





Film formed on 


the slide glass 


Recording 
Medium 


Film composition 
( Sb x Te •) _x ) y Ge 1 - Y 




X 


Y 


A' 


0 


0.8 




n 1 


0.8 


c' 


0.2 


0.8 


D' 


0.3 


0.8 


E ' 


0.55 


0.8 


F* 


0.75 


0.8 


G* 


0 


0.5 


H' 


0.1 


0.5 


I' 


0.2 


0.5 


J ' 


0.3 


0.5 


K ' 


0.75 


0.5 



Each recording medium as prepared above was 
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subjected to heat treatment in an oven kept at 200 *C 
for 10 minutes. Thereafter, each recording medium was 
subjected to measurement of light transmi ttance at a 
wave length of 830 nm. From the above-obtained data 

5 was obtained the transmittance ratio [the ratio of 

transmittance of the recording medium after heat 
treatment (T) to that before heat treatment (To) J. 
Then, there was determined the relationship between 
the transmittance ratio and the value of X in the 

10 composition represented by the formula (Sb x Te-j _ x ) Y Ge-| _ 

The results are shown in Fig. 5. 
As seen in Fig. 5, in the case of recording media 
of which the films on the slide glasses contain Sb, 
Te and Ge, remarkable changes in transmittance are 

15 observed at an X value of 0.7 or less as opposed to 

the case where the film contains Sb and Te but no Ge. 

In the same manner as mentioned above, there were 
prepared Recording Media A*, B 1 , C\ D*, E f , F f , G', 
H' f I* r J*/ and K* , again. Each recording medium as 

20 prepared above was allowed to stand in a thermo- 

hygrostat kept at a temperature of 50 *C and a 
relative humidity of 90 % for ten days. Thereafter, 
each sample was subjected to measurement of light 
transmittance. As a result, it was found that the 
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transmittances of Recording Media A 1 and G* were 
increased to about 2 times the transmi ttance before 
treatment, and to about 1.5 times the transmittance 
before treatment, respectively. The increases in 

5 transmittance are considered to be ascribed to oxida- 

tion of Te. On the other hand, the recording media 
other than Recording Media A 1 and G' exhibited little 
change in transmittance by the treatment. 

The above results show that when the value of X 

10 is 0.05 to 0.7, the recording medium not only exhibits 

a great change in transmittance by heat treatment but 
also is excellent in thermal and humid stabilities. 

Example 4 

15 A polymethylene methacrylate disk (herein- 

after often referred to as "acrylic plate") having a 
diameter of 305 mm and a thickness of 1.5 mm prepared 
by the injection molding method was so set in a vacuum 
deposition equipment that the acrylic plate could be 

20 rotated in the central portion of the equipment. The 

equipment included, around the axis of rotation, three 
heating vaporization boats and an electron beam apparatus 
having five crucibles. Sb, Te and Ge were separately 
put in the heating vaporization boats. The equip- 
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Torr and the plate was subjected to simultaneous 
deposition of Sb, Te and Ge from the three boats while 
rotating the plate at 120 rpm to form a 600 A-thick 
film having a composition of Sb n 2 Te 0.4 Ge 0.4 * X ' 
0*33; Y, 0*60). Thus, there was obtained Recording 
Medium J. 

Substantially the same procedures as mentioned 
above were repeated to prepare further three recording 
media, except that the thicknesses of the films formed 
on the plates were 800 A (Recording Medium K), 1000 A 
(Recording Medium I.) and 1500 A (Recording Medium M), 
respectively. 

A semiconductor laser (wave length : 830 nm) was 
concentrated and applied to each recording medium as- 
prepared above from the side of the plate while rotat- 
ing the plates at 900 rpm to effect recording of 
signals of 1.5 MHz. In this connection, the recording 
power of the laser was changed to determine a phase 
jitter! Philips Tech. Review, Vol. 40, 157(1982)]. 
Then, from the relationship between the recording 
power and the phase jitter, there was determined a 
recording power of the laser at which the phase 
jitter became the minimum. This recording 
power is hereinafter referred to as "optimal intensi- 
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ty". The optimal intensities of the recording media 
were 4 mW (Recording Medium J), 3 mW (Recording Medium 
K), 3.5 mW (Recording Medium L) and 4 mW (Recording 
Medium M) on the surface of the recording layer. That 

5 is, each recording medium had a sensitivity (optimal 

intensity) sufficient for practical use. 

For readout of the recorded information, was 
applied a semiconductor laser beam (wave length: 830 nm) 
at an intensity of 1.2 mW. Hie C/N ratios of signals were 30 dB 

10 (Recording Medium J), 50 dB (Recording Medium K), 53 

DB (Recording Medium L) and 50 dB (Recording Medium M) 
at a band width of 30 KHz. 

The above recording media were allowed to stand 
in a dryer kept at 80 °C for 7 days, and, thereafter, 

15 subjected to measurement of reflectivity. As a 

result, there was observed no change in reflectivity 
and in C/N ratio with respect to each recording 
medium. 

Separately, the reflectivity of each recording medium 
20 was measured. Then, each recording medium was subjec- 

ted to heat treatment at 250 °C, and, thereafter, 
subjected to measurement of reflectivity. The 
results are shown in Fig. 6. In Fig. 6, the open and 
closed circles show experimental results, while the 
25 solid line and dotted line are the theoretical 
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curves prepared using the values obtained by calculation 
from the data with respect to the refractive index 
and extinction coefficient obtained in Example 2. 



Example 5 

On slide glasses having a thickness of 1.2 mm 
were simultaneously deposited Sb, Te and Ge from 
three heating vaporization boats respectively contai- 
10 ning Sb, Te and Ge by the resistance heating method 

under 1 X 10" 6 to 5 X 1 0~ 5 Torr to from films having a 

composition of Sb Q ^ 2 Te 0. 48 Ge 0. 4 (X ' °' 2 ' Y ' °' 6 * in 
thicknesses of 200 A, 350 A and 600 A. Thereafter, a 
1000 A-thick film of Sb was further deposited on the 

15 above-formed films by the resistance heating method. 

The resulting recording media were subjected to mea- 
surement of reflectivity from the side of the slide glass 
at a wave length of 830 nm. Then, the recording media 
were subjected to heat treatment in an oven kept at 200 

20 *C for about 10 minutes and, thereafter, subjected to 

measurement of reflectivity. The reflectivity mea- 
sured before and after heat treatment are shown in 
Fig. 7. In Fig. 7, the open and closed circles show 
experimental results, while the solid line and the 
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dotted line are the theoretical curves prepared uninq 
the values obtained by calculation from the data 
with respect to the refractive index and extinction 
coefficient obtained in Example 2. As seen in Fig. 7, 
when the thickness of the film on the slide glass is 
around 3 50 A, the highest degree of contrast of 
reflectivity can be attained. 

Meanwhile, Sb, Te and Ge were simultaneously 
deposited on two slide glasses each having a thickness 
L0 of 1.2 mm by the resistance heating method under 1 X 
10" 6 to 1 X 10" 5 Torr to form 350 A-thick film having 
a composition of Sb 0 ^ 2 Te 0.48 Ge 0 .4- Thereafter, a 
200 A-thick film of Sb and a 500 A-thick film of Sb 
were deposited on the above-formed films, respective- 
ly, by the resistance heating method under 1 X 10 " 6 
to 5 X 10" 5 Torr. The thus obtained recording media 
were subjected to measurement of reflectivity from the 
side of the slide glass. Then, the recording media 
were subjected to heat treatment at 200 °C for 10 rain 
20 and, thereafter, subjected to measurement of reflecti- 
vity. The reflectivity measured before and after 
heat treatment are shown in Fig. 8. In Fig. 8, the 
open and closed circles show experimental results, 
while the solid line and dotted line are the theoretical 
riV . onni ^ 0 ^ ^c^mn thn values obtained by calculation 
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fror- the data with respect to the refractive index 

and extinction coefficient obtained in Example 2. 

Further, two recording media were prepared as 
follows. Sb, Te and Ge were simultaneously deposited 
on the same acrylic plate as used in Example 4 by the 
resistance heating method under 1 X10" 6 to 1 X 10~ 5 
Torr to form a 350 A-thick film having a composition 
of Sb 012 Te 0 48 Ge 0-4 . Thereafter, a 200 A-thick film 
of Sb and a 500 A-thick film of Sb were deposited on 
the above-formed films, respectively, by the resistance 
heating method under 1 X 1 0~ 6 to 5 X 1 0~ 5 Torr. The 
thus obtained recording media were subjected to the 
determination of sensitivity and C/N ratio in the same 
manner as in Example 4. The recording medium of which 
the reflective layer h^d a thickness of 200 A had an 
optimal intensity of 4 mW and a C/N ratio of 60 dB. 
On the other hand, the recording medium of which the 
reflective layer had a thickness of 500 A had an 
optimal sensitivity of 5.5 mW and a C/N ratio of 58 
dB. These recording media exhibited no change in 
sensitivity, C/N ratio and reflectivity even after 
they had been allowed to stand a dryer kept at 60 °C 
for 10 days. 
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10 



15 



20 



Example 6 

On an acrylic disk plate having a thickness of 
1.5 mm and a diameter of 305 mm provided with grooves 
(having a depth of 700 A, a width of 0.5 um and a 
pitch of 1.6 iim) previously formed by the injection 
molding method, were simultaneously, deposited Sb, Te 
and Ge from three heating vaporization boats respect- 
ively containing Sb, Te and Ge by the resistance 
heating method to form a 300 A-thick film having a 
composition of Sb 0-25 Te 045 Ge 0 3 - On the formed film 
was further provided a 200 A-thick Al film by the 
resistance heating method. The provision of the Al 
film was carried out in such a manner that after 
completion of the co-deposition of Sb, Te and Ge, the 
vacuum equipment was restored to atmospheric pressure, 
the boat employed for deposition of Ge was taken out 
and a fresh boat containing Al was set, and, there- 
after, the equipment was evacuated to a vacuum of 
about 2 X 10 -6 Torr to effect vacuum deposition of Al. 

The thus obtained recording medium was evaluated 
in substantially the same manner as in Example 4. As 
a result, it was found that the recording medium had 
an optimal intensity of 7.0 mW and a C/N ratio of 60 
dB. 
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This recording medium exhibited no change in 
optimal intensity, c/n ratio and reflectivity even after 
they had been allowed to stand in a dryer kept at 60 
•C for 10 days. 

5 With respect to a recording medium comprising a 

1.2 mm thick slide glass, superimposed thereon in the 
following order, a recording layer having a compositin 

of Sb n 25 Te 0 45 Ge 0 3 and a re f lective layer of a 500 
A-thick Al film, there was detemined the relationship 

10 between the reflectivity of the recording medium and 

the thickness of the recording layer by calculation 
froip the data with respect to the refractive index 

and extinction coefficient obained in Example 2* The 
results are shown in Fig. 9. As seen in Fig. 9, the 

15 maximum change in reflectivity of the recording medium 

by heat treatment can be obtained in the case of a 
recording medium of which the recording layer has a 
thickness of about 300 A. 

Subsequently, a recording medium was prepared in 

20 substantially the same manner as mentioned above, 

except that a slide glass having a thickness of 1.2 mm 
was used as a substrate instead of the acrylic plate. 
The thus obtained recording medium was subjected to 
measurement of reflectivity. Then, the recording 
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medium was allowed to stand in an oven kept at 200 °C 
for 10 min. and, thereafter, subjected to measurement 
of reflectivity. The results are shown in Fig. 10. 
In Fig . 10 , the open and closed circles show experimen- 
5 tal results, while the solid line and dotted line show 

the theoretical corves prepared using the values 
obtained by calculation from the data with respect to 
the refractive index and extinction coefficient obtained 
in Example 2. 

10 

Example 7 and Comparative Example 3 

On the same acrylic plate as used in Example 6 
was co-deposited Sb 2 Te3 in an amount corresponding to 
a 200 A-thick film and Ge in an amount corresponding 

15 to a 100 A-thicik film from two heating vaporization 

boats respectively containing Sb 2 Te3 and Ge by the 
resistance heating method. to form a recording layer. 
A 200 A-thick Sb film was deposited as a reflective 
layer on the recording layer by the electron beam 

20 deposition method. Thus, there was obtained a 

recording medium. 

Another recording medium was prepared in substan- 
tially the same manner as mentioned above, except that 
a 200 A-thick film of Bi 2 Te 3 instead of a 200 A-thick 

25 film of Sb was deposited as the reflective layer on 



the recording layer. Incidentally, in the above- 
prepared recording media, Sb, Te and Ge were present 
in the recording layer in a composition in terms of 
number of atoms represented by the formula (Sb x Te^_ 
x >Y Ge 1-Y wherein x is about 0-4 and Y about 0.6. 

For comparison, in substantially the same manner 
as mentioned above, there was prepared a comparative 
recording medium comprising the same acrylic plate as 
used above and, superimposed thereon in the following 
order, a 300 A-thick film of Te 2 0 3 and a 200 A-thick 
film of Sb. In the thus prepared comparative record- 
ing medium, the ratio of Sb to Te in the recording 
layer was substantially 2:3. 

The above-prepared three recording media were 
evaluated in substantially the same manner as in 
Example 4, except that a signal of 3 MHz was recorded. 
As a result, the recording medium having an Sb * 
reflective layer exhibited a reflectivity of 27 %, 
an optimal intensity of 5 mW and a C/N ratio of 60 dB, 
the recording medium having a Bi 2 Te 3 reflective layer 
exhibited a reflectivity of 30 %, an optimal intensity 
of 3.5 mW and a C/N ratio of 57 dB, and the compara- 
tive recording medium exhibited a reflectivity of 25 
%, an optimal intensity of 4.5 mW and a C/N ratio of 
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60 dB. 



Subsequently, the three recording media were 
allowed to stand in a dryer kept at 60 °C for 7 days, 
and then subjected to evaluation. As a result, the 



no change in threshold intensity, C/N ratio and 
reflectivity- On the other hand, the comparative 
recording medium changed greatly in reflectivity from 
25 % (value before treatment) to 40 %, and decreased 



ment) to 20 dB. 
Example 8 

On a reinforced glass disk having a thickness of 
1.5 mm and a diameter of 305 mm and provided with 
grooves (having a depth of 700 A, a width of 0.6 urn 
and a pitch of 1.6 um) previously formed using a photo- 
curable polymer were simultaneously deposited Sb, Te 
and Ge from three heating vaporization boats respec- 
tively containing Sb, Te and Ge by the resistance 
heating method to form a 400 A-thick film having a 
composition of Sb Q -j 5 Te Q 35 Ge o 5 °* 3 : Y ' 

On the formed film was further formed a 300 A-thick 
Bi film as a reflective layer by the resistance 



5 



two recording media of the present invention underwent 




60 dB (value before treat— 



25 



heating method. 



The thus obtained recording medium was evaluated 
in substantially the same manner as in Example 7. As 
a result, it was found that the recording medium had a 
reflectivity of 22 %, an optimal intensity of 6 mW and 
a C/N ratio of 58 dB. The recording medium underwent 
no change in an optimal intensity, c/N ratio and 
reflectivity even after the medium had been allowed to 
stand in a dryer kept at 80 °C for 10 days. 

Example 9 

On the same acrylic plate as used in Example 6 
were simultaneously deposited Sb, Te and Ge by the 
resistance heating method to form as a recording layer 
a 300 A-thick film having a composition of (Sb x Te^_ 
x'y Ge 1 -Y wherein X = 0.1 and Y = 0.6. On the film was 
deposited a 200 A-thick film of Sb as a reflective 
layer. Thus, there was obtained a recording medium. 

Further, two recording media were prepared in 
substantially the same manner as mentioned above, 
except that the value of X with respect to the compo- 
sition of the recording layer was changed to 0.2 in 
one recording medium and to 0.3 in the other record- 
ing medium. 

Each of the above -prepared recording media was 
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evaluated in substantially the same manner as in 
Example 7. As a result, it was found that the recor- 
ding medium having a recording layer of which the 
composition had an X value of 0.1 had an optimal 
intensity of 3.5 mW and a C/N ratio of 60 dB, the 
recording medium having a recording layer of which the 
composition had an X value of 0.2 had an optimal 
intensity of 4 mW and a C/N ratio of 60 dB, and the 
recording medium having a recording layer of which the 
composition had an X value of 0.3 had an optimal 
intensity of 4.5 tnW and a C/N ratio of 60 dB. 

Subsequently, the three recording media were 
exposed to accelerated deteriorating conditions 
(temperature, 60 °C; relative humidity, 82 %) for 7 
days. Thereafter, with respect to each recording 
medium, readout cf the recorded singnals was 
effected. As a result, it was found that each 
recording medium underwent no deterioration with 
respect to C/N ratio. 

Example 1 0 

On the same acrylic disk as used in Example 
6 was formed a 200 A-thick film of Si0 2 as a first 
metallic compound layer by the electron beam 
deposition method. Subsequently, on the formed film 
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were simultaneously deposited Sb, Te and Ge from three 
heating vaporization boats respectively containing Sb, 
Te and Ge by the resistance heating method to form as 
a recording layer a 1 000 A- thick film having a 
composition of Sb Q j 5 Te 0<45 Ge 0>4 (X, 0.25 ; Y, 0-60). 
Thereafter, a 200 A-thick film of Si0 2 was further 
formed as a second metallic compound layer on the 
recording layer by the electron beam deposition 
method. Thus, there was obtained a recording medium. 

A semiconductor laser beam (wave length : 830 nm) 
was concentrated and applied to the recording medium 
from the side of the plate while rotating the medium 
at 900 rpm to effect recording of information signals 
on the disk at a portion which is about 140 mm distant from the 
center of the disk. In this connection, a pulse 
sequence of single frequency (3.1 MHz) according to 
M 2 FM modulation system was employed as information 
signals. Readout of the recorded signal was 

carried out at 1.2 mW using a semiconductor laser 
having the same wave length, and compared with the 
recorded information signal to determine a bit error 
rate. As a result, it was found that the optimal 
intensity and bit error rate (hereinafter referred to 
as "BER") of the recording medium were 4.0 mW and 3 x 
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1 0~ , respectively. 

Subsequently, the recording medium was exposed to 
accelerated deteriorating conditions (temperature, 60 
•C; relative humidity, 90 %) for 10 days and, there- 
after, subj ected to determination of BER . As a 
result, it was found that BER was slightly increased 
to 5 X 10" 5 . 

Example 1 1 

On the same acrylic plate as used in Example 6 
were deposited, in the following order, a 400 A-thick 
film of Si 3 N 4 as a first metallic compound layer, a 350 
A-thick film having a composition of Sb 01 $T&q m s G& 0 m 35 
(X, 0.23; Y, 0.65), a 250 A-thick film of Sb as a 
reflective layer and a 400 A-thick film of Si 3 N 4 as a 
second metallic compound layer by the sputtering 
method. Thus, there was obtained a recording medium. 
The recording medium was evaluated in substantially 
the same manner as in Examples 10. As a result, the 
recording medium had a BER of 2 X 10~ 6 , an optimal 
intensity of 4.5 mW and a C/N ratio of 60 dB. Sub- 
sequently, the recording medium was exposed to 
accelerated deteriorating conditions (temperature, 60 
•C, relative humidity, 90 %) for 20 days and, there- 
after, subj ected to determination of BER . As a 
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result, it was found that there was no change in BER 
(2X1 0~ 6 ). 

Example 1 2 

On the same acrylic plate as used in Example 6 
was deposited a 400 A-thick SiO film as a first 
metallic compound layer by the electron beam deposi- 
tion method. On the first metallic compound layer was 
deposited as a recording layer a 350 A-thick film 
having a composition of Sbg -j 5Te Q 45GeQ 4 (X, 0.25 j 
Y, 0.6) by the resistance heating method. Then, a 200 
A-thick film of Sb was deposited as a reflective layer 
on the recording layer by the electron beam deposition 
method. Subsequently, a 600 A-thick film of SiO was 
deposited as a second metallic compound layer on the 
reflective layer. Thus, there was obtained a recor- 
ding medium. 

The recording medium was evaluated substantially 
in the same manner as in Example 10. As a result, it 
was found that the recording medium had a BER of 1 X 
10"*^, an optimal intensity of 4.5 mW and a C/N ratio 
of 60 dB. Then, a laser beam was continuously irra- 
diated at an intensity of 1.2 mW onto a track (grooves 
on the plate) having information recorded thereon to 
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effect readout over a period of 1 0 days. Even 
after the regeneration for 10 days there was observed 
no change in BER. 

Subsequently, the recording medium was exposed to 
accelerated deteriorating conditions (temperature, 60 
°C; relative humidity, 90 %) for 20 days and, there- 
after, subjected to determination of BEH. As a result, 
it was found that there was caused no change in 
BER (1X1 0" 6 ). 

Example 1 3 

On the same acrylic plate as used in Example 6 
was deposited a 500 A-thick Si0 2 film as a first 
metallic compound layer by the electron beam deposi- 
tion method. On the first metallic compound layer 
was formed as a recording layer a 400 A-thick film 
having a composition of Sbg ^2 Te 0. 45 Ge 0. 3 5 0.31 ? 

Y, 0.65). in forming the recording layer, 

Sb and Te were deposited by the electron 
beam deposition method and Ge by the 
resistance heating method. Then, a 300 A-thick film 
of Sb was deposited as a reflective layer on the 
recording layer by the electron beam deposition 
method. Subsequently, a 500 A-thick film of Si0 2 was 
deposited as a second metallic compound layer on the 
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reflective layer by the electron beam deposition 
method. Thus, there was obtained a recording medium. 

The recording medium was evaluated substantially 
in the same manner as in Example 10 . As a result , it 

5 was found that the recording medium had a BER of 1 X 

10"^, an optimal intensity of 5 mW and a C/N ratio of 
58 dB. Then, the recording medium was exposed to 
accelerated deteriorating conditions (temperature, 60 
°C and relative humidity, 90 %) for 20 days and, 

10 thereafter, subjected to determination of BER. 

As a result, it was found that there was caused no 
change in BER (1 x 10~ 6 ) . 

Example 1 4 

15 On an acrylic plate having a thickness of 1.5 mm 

and provided with grooves (depth, 7 00 A; width, 0.65pm; 
pitch, 1.6 um) which had been formed by injection 
molding was formed as a recording layer a 500 A-thick 
film having a composition of Sbg 20 Te 0 35 Ge 0 45 ^ v 

20 simultaneous high frequency sputtering, using targets 

of Sb 2 Te 3 and Ge. Then, a 100 A-thick film of Sb was 
deposited on the recording layer from a boat contai- 
ning Sb by the resistance heating method. Thus, 
there was obtained a recording medium. A semiconduc- 
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tor laser (wave length : 830 nm) was concentrated and 
applied to the recording medium from the side of the 
plate to effect recording of signals of 1.5 MHz while 
rotating the medium at 600 rpm. The optimal intensity 
was 5 mW as measured on the recording layer. 

Readout of signals was carried out with a 
semiconductor laser beam at an intensity of 1.2 mW. 
As a result, it was formed that the C/N ratio of the 
recording medium was 58 dB. 

Subsequently, the recording medium was exposed to 
accelerated deteriorating conditions (temperature, 60 
•C; relative humidity, 80 %) for 7 days and, there- 
after, subjected to determination of optimal 
intensity and C/N ratio. As a result, it was found 
that there was caused no change in optimal intensity 
and C/N ratio. 

Example 1 5 

On a reinforced glass disk plate having a thick- 
ness of 1.5 mm and a diameter of 305 mm and provided with 
grooves (depth, 700 A; width, 0.6 am; pitch, 1.6 \im) 
which had been formed using a photocurable polymer, 
were deposited Sb2Te3and Ge from two boats made of Ta 
respectively containing Sb 2 Te3 and Ge by the 
resistance heating method under 2 X 1 0" 6 Torr to form 



- 56 : - 



01 95532 



a 600 A-thick film as a recording layer. On the 
recording layer was further deposited as a reflective 
layer a 100 A-thick Al film by the resistance heating 
method. Thus, there was obtained a recording medium. 

5 The recording medium was evaluated in substan- 

tially the same manner as in Example 14. As a result, 
it was found that the recording medium had an optimal 
intensity of 6.5 mW, a C/N ratio of 60 dB and a 
reflectivity of 31 %. The recording medium exhibited 

10 no change in optimal intensity, C/N ratio and reflec- 

tivity even after it was allowed to stand in a dryer 
kept at 80 °C for 10 days. 

Example 1 6 and Comparative Example 4 
15 On the same acrylic plate as used in Example 14 

were co-deposited Sb 2 Te 3 in an amount corresponding to 
a 200 A-thick film and Ge in a amount corresponding to 
a 100 A-thick film from two heating vaporization boats 
respectively containing Sb 2 Te 3 and Ge by the resis- 
20 tance heating method to form a recording layer. A 

200 A-thick Sb film was deposited as a reflective 
layer on the recording layer by the resistance heating 
deposition method. Thus, there was obtained a 
recording medium of the present invention. 



- 57 - • 

01 95532 

Another recording medium of the present invention 
was prepared substantially in the same manner as 
mentioned above, except that a 200 A-thick film of 
Bi 2 Te 3 instead of a 200 A-thick film of Sb was 

5 deposited as the reflective layer on the recording 

layer. Incidentally, in the above-prepared two recor- 
ding media, Sb, Te and Ge were present in the record- 
ing layer in a composition in terms of number of atoms 
represented by the formula (Sb x Te-j _x*Y Ge 1 -Y wn ^ rein x 

10 is about 0.4 and Y about 0.6. 

For comparison, substantially in the same manner 
as mentioned above, there was prepared a comparative 
recording medium comprising the same acrylic plate as 
used above and, superimposed thereon in the following 

15 order, a 300 A-thick film of Sb 2 Te3 and a 200 A-thick 

film of Sb. In the thus prepared comparative record- 
ing medium, the ratio of Sb to Te in the recording 
layer was substantially 2:3. 

The above-prepared three recording media were 

20 evaluated substantially in the same manner as in 

Example 4, except that a signal of 3 MHz was recorded. 
As a result, the recording medium of the present 
invention having an Sb reflective layer exhibited a 
reflectivity of 27 %, an optimal intensity of 5 raW 

25 and a C/N ratio of 60 dB, the recording medium of the 
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present invention having a Bi2Te3 reflective layer 
exhibited a reflectivity of 30 %, an optimal intensi- 
ty of 3.5 mW and a C/N ratio of 57 dB r and the compar- 
ative recording medium exhibited a reflectivity of 25 
5 %, an optimal intensity of 4.5 mW and a C/N ratio of 

60 dB. 

Subsequently, the three recording media were 
allowed to stand in a dryer kept at 60 *C for 7 days, 
and then subjected to evaluation. As a result, the 

10 two recording media of the present invention underwent 

no change in optimal intensity, C/N ratio and reflec- 
tivity. On the other hand, the comparative recording 
medium changed greatly in reflectivity from 25 % 
(value before treatment) to 40 %, and decreased 

15 greatly in C/N ratio from 60 dB (value before treat- 

ment) to 20 dB. 



Example 17 

On the same acrylic plate as used in Example 14 
20 were simultaneously deposited Sb, Te and Ge by the 

resistance heating method to form as a recording layer 
a 300 A-thick film having a composition of (Sb x Te^_ 
x ) Y Ge 1 _ y wherein X = 0.4 and Y = 0.5. On the film was 
deposited a 200 A-thick film of Sb as a reflective 
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layer. Thus, there was obtained a recording medium. 

Further, two recording media were prepared in 
substantially the same manner as mentioned above, 
except that the value of Y with respect to the corapo- 
5 sition of the recording layer was changed to 0.7 in 

one recording medium and to 0.9 in the other recording 
medium. 

Each of the above -prepared recording media was 
evaluated substantially in the same manner as in 

10 Example 16. As a result, it was found that the 

recording medium having a recording layer of which the 
composition had a Y value of 0.5 had an optimal 
intensity of 5.5 mW and a C/N ratio of 58 dB, the 
recording medium having a recording layer of which the 

15 composition had a y value of 0.7 had an optimal 

intensity of 5 mW and a C/N ratio of 60 dB f and the 
recording medium having a recording layer of which the 
composition a Y value of 0.9 had an optimal 

intensity of 4.5 mW and a C/N ratio of 60 dB. 

20 Subsequently, the three recording media were 

exposed to accelerated deteriorating conditions 
(temperature, 60 °C; relative humidity, 82 %) for 7 
days. Thereafter, with respect to each recording 
medium, Readout of the recorded signals was 

25 effected to determine the C/N ratio. As a result, it 
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was found that the recording medium having a recording 
layer of which the composition had a Y value of 0.9 
decreased in C/N ratio to 40 dB, but the other two 
recording media exhibited no change in C/N ratio. 

5 

Example 1 8 

On the same acrylic plate as used in Example 14 
was deposited a 300 A-thick SiO film as a first 
metallic compound layer by the electron beam 

10 deposition method. On the first metallic compound 

layer were co-deposited Sb2Te3 in an amount 
corresponding to a 220 A-thick film and Ge in an 
amount corresponding to a 1 1 0 A-thick film from two 
heating vaporization boats respectively containing 

15 Sb 2 Te 3 and Ge by the resistance heating method to form 

a recording layer. Then, a 200 A-thick film of Sb was 
deposited as a reflective layer on the recording layer 
by the electron beam deposition method. Subsequently, 
a 300 A-thick film of SiO was deposited as a second 

20 metallic compound layer on the reflective layer. 

Thus, there was obtained a recording medium. The same 
procedures as mentioned above were repeated to prepare 
five recording media which were the same as one another. 
The above-prepared five recording media were 
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subjected to determination of optimal intensity and 
BER in the same manner as in Example 10. 

Subsequently, the recording rredia were heat treated at 
50 *C in an atmosphere with a relative humidity of 90 
5 % for 3 days and, thereafter, subjected to 

determination of optimal intensity and C/N ratio 
again. The results are shown in Table 5 

Table 5 

10 

After treatment 
Before treatment (50 °C, 90%RH, for 

3 days) 
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As seen in Table 5 given above, the heat 
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treatment under humid condition of the recording media 
is very effective for improvement in uniformity of the 
initial characteristics of the recording media, such 
as optimal intensity and BER. 

Example 1 9 

On the same acrylic plate as used in Example 14 
was deposited a 500 A-thick Si0 2 film as a first 
metallic compound layer by the electron beam 
deposition method. On the first metallic compound 
layer was deposited as a recording layer a 500 A- 
thick film having a composition of Sb n ^-j 5TeQ_4 5 GeQ^4 
(X, 0.25 } Y, 0.60) by the resistance heating method. 
Then, a 200 A-thick film of Sb was deposited as a 
reflective layer on the recording layer by the 
electron beam deposition method. Subsequently, a 600 
A-thick film of Si0 2 was deposited as a second 
metallic compound layer on the reflective layer. 
Thus, there was obtained a recording medium. 

The same procedures as mentioned above were 
repeated to prepare five recording media which were the 
same as one another. 

The above-prepared five recording media were 
subjected to determination of optimal intensity in 
the same manner as in Example 10. 

Subsequently, the recording media heat treated at 
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60 *C in an atmosphere with a relative humidity of 80 
*C. The recording media were subj ected to 
determination of optimal intensity 5 hours, 10 
hours, one day, two days and 5 days after 
initiation of the treatment. The results are 
shown in 6. 



Table 6 
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As seen in Table 6, the heat treatment under humid 
condition for 1 0 hours or longer is especially 
effective for improvement in uniformity of the initial 
characteristics of the recording media. 
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CLAIMS 

1, An information recording medium, for use in a system of 
recording information by exposing an energy beam to a medium 
comprising a substance capable of changing in optical extinc- 
tion coefficient upon being heated, causing the exposed areas 
to be different in optical extinction coefficient from the 
non-exposed areas, which comprises a substrate and super- 
imposed thereon a recording layer composed of Sb, Te and Ge. 

2. An information recording medium according to claim 1, 
wherein Sb, Te and Ge are present in said recording layer in 
a composition in terms of number of atoms represented by the 
formula: 

CSb x T ei ^lyGe^Y 

wherein 0.05 £ x ^ 0-7 and 0.4 < Y< 0-8. 

3^ An information recording medium according to claim 1 , 
wherein Sb, Te and Ge are present in said recording layer in 
a composition in terms of number of atoms represented by the 
formula : 

(Sb x T ei _ x >Y Ge 1-Y 

wherein 0.1 ^ x ± 0.6 and 0.4 < Y < 0.8. 



4. An information recording medium according to claim 1 , 
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wherein Sb, Te and Ge are present in said recording layer in 
a composition in terms of number of atoms represented by the 
formula : 

< Sb X Te 1-X>Y Ge 1-Y 

wherein 0.1 ^ x ^ 0.6 and 0.5 i Y £ 0.7. 

5. An information recording medium according to claim 1 , 
wherein Sb, Te and Ge are present in said recording layer in 
a composition in terms of number of atoms represented by the 
formula : 

< Sb X Te 1 -X>Y Ge 1-Y 

wherein 0.15 = x ^ 0.4 and 0.5 £ Y < 0.7. 

6. An information recording medium according to claim 1 , 
wherein Sb, Te and Ge are present in said recording layer in 
a composition in terms of number of atoms represented by the 
formula: 

(Sb x Te 1 _ x ) Y Ge l _ Y 

wherein 0.1 £ x £ 0.35 and 0.5 < Y < 0.7. 

7. An information recording medium according to any one of 
claims 1 to 6, which further comprises a reflective layer of 
a metal or an alloy composed of at least two metals provided 
on one of the upper and lower sides of said record- 
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ing layer, said recording layer and said reflective layer 
constituting an information supporting layer. 

8. An information recording medium according to claim 7, 
wherein said reflective layer is a layer of a metal selected 
from group consisting of Al r Ti, Cr, Co r Ni, Se, Ge, Zr, Ag r 
In, Sn f Sb, Te, Pt f Au, Pb and Bi. 

9. An information recording medium according to claim 7, 
said reflective layer is a layer of a metal selected from the 
group consisting of Sb, Te and Bi. 

10. An information recording medium according to claim 7, 
wherein said reflective layer is a layer of an alloy contain- 
ing at least one metal selected from the group consisting of 
Al, Ti, Cr, Co, Ni, Se, Ge, Zr, Ag, In, Sn, Sb, Te, Pt, Au, 
Pb and Bi, 

11. An information recording medium according to claim 7, 
wherein said reflective layer is an alloy containing at least 
one metal selected from the group consisting of Sb, Te and 
Bi. 

1 2. An information recording medium according to claim 1 , 
which further comprises a layer of a metallic compound 
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provided on at least one of the upper and lower sides of 
said recording layer. 

1 3. An information recording medium according to claim 7, 
which further comprises a layer of a metallic compound 
provided on at least one of the upper and lower sides of 
said information supporting layer. 

1 4. An information recording medium according to claim 12, 
wherein said metallic compound is at least one member 
selected from the group consisting of oxides and nitrides of 
a metal selected from Al, Cr, Si, Zr, Ti, Ge, Se, Te, V, Hf , 
La, Sm, Y, Ta and Mo. 

15. An information recording medium according to claim 12, 
wherein said metallic compound is at least one member 
selected from the group consisting of oxides and nitrides of 
Si. 

16. An information recording medium according to claim 13, 
wherein said metallic compound is at least one member 
selected from the group consisting of oxides and nitrides of 
a metal selected from Al, Cr, Si, Zr, Ti, Ge, Se, Te, V, Hf , 
La, Sm, Y, Ta and Mo. 
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17. An information recording medium according to claim 13/ 
wherein said metallic compound is at least one member 
selected from the group consisting of oxides and nitrides of 
Si. 

18. An information recording medium according to claim 1 r 
wherein said recording layer has a thickness of 800 A to 
2,000 A. 

19. An information recording medium according to claim 7, 
wherein said recording layer has a thickness of 200 A to 

1 r 000 A. 

20. An information recording medium according to claim 7, 
wherein said reflective layer has a thickness of 1 00 A to 

1 ,000 A. 

21- An information recording medium according to any one of 
claims 1 to 20, which has been subjected to heat treatment 
under humid condition. 

22. An information recording medium according to claim 21 # 
wherein said heat treatment is effected at 40 ?C to 100 ?C in 
an atmosphere with a relative humidity of 50 % to 98 %. 
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